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VIRTUAL GOLF SIMULATION APPARATUS
AND SENSING DEVICE AND METHOD USED
FOR THE SAME

CROSS REFERENCE TO PRIOR APPLICATIONS

This application is a National Stage Application of PCT
International Patent Application No. PCT/KR2012/002072
filed on Mar. 22, 2012, under 35 U.S.C. §371, which claims
priority to Korean Patent Application No. 10-2011-0025152
filed on Mar. 22, 2011, which are all hereby incorporated by
reference in their entirety.

TECHNICAL FIELD

The present invention relates to a virtual golf simulation
apparatus and a sensing device and method used for the same,
and more particularly to a virtual golf simulation apparatus in
which a virtual golf course is imaged and simulated, and the
trajectory of a golf ball hit by a user is sensed by a sensing
device and is simulated on the virtual golf course, and a
sensing device and method used for the same.

BACKGROUND ART

Inrecent years, various devices have been developed which
allow users to enjoy popular sports games, such as baseball,
soccer, basketball and golf, in rooms or in specific places
through simulation in the form of interactive sports games.

Particularly, in recent years, a so-called screen golf system
has been developed in which, when a user swings a golf club
to hit a golf ball placed on a hitting mat, a sensing device
senses the hit golf ball to extract physical information on the
moving golf ball so that the trajectory of the golf ball can be
simulated on a virtual golf course, thereby allowing the user
to enjoy golf in virtual reality.

In order to simulate sports using balls, such as golfballs, in
such interactive sports games, much research has been con-
ducted into various sensing systems for accurately sensing
physical information on a moving ball, i.e. movement of a
ball.

For example, various sensing devices, such as a sensing
device using an infrared sensor, a sensing device using a laser
sensor, a sensing device using an acoustic sensor and a sens-
ing device using a camera sensor, have come onto the market.

DISCLOSURE
Technical Problem

The present invention to provide a virtual golf simulation
apparatus and a sensing device and method used for the same
in which any position of a hitting mat, on which a user places
a ball, is recognized to easily and accurately find the position
of the ball even when a slope is realized with respect to a
swing plate and the swing plate is sloped at a predetermined
angle, and it is possible to accurately sense when hitting has
been performed by the user using a relatively inexpensive
sensing device without an additional trigger sensor, thereby
reducing costs and improving sensing accuracy and reliabil-

1ty.
Technical Solution
In accordance with an aspect of the present invention, the

above and other objects can be accomplished by the provision
of'a sensing device used in a virtual golf simulation apparatus,
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2

including at least one capturing means for sequentially
acquiring images of a predetermined capturing range within
which hitting is performed, a grabber for collecting and stor-
ing the images from the at least one capturing means, a shot
detector for processing the images received from the grabber
to sense whether hitting preparation has been completed and
whether hitting has been performed by a user, and an image
processing means for processing an image of a golfball hit by
the user, when the shot detector senses that the hitting has
been performed, to extract information on physical properties
of the moving golf ball.

In accordance with another aspect of the present invention,
there is provided a virtual golf simulation apparatus including
a sensing device comprising at least one capturing means for
sequentially acquiring images of a predetermined capturing
range within which hitting is performed, a grabber for col-
lecting and storing the images from the at least one capturing
means, a shot detector for processing the images received
from the grabber to sense whether hitting preparation has
been completed and whether hitting has been performed by a
user, and an image processing means for processing an image
of'a golfball hit by the user, when the shot detector senses that
the hitting has been performed, to extract information on
physical properties of the moving golf ball, and an image
realization means for realizing a simulation image of a tra-
jectory of the golf ball based on the information extracted by
the sensing processing unit.

In accordance with another aspect of the present invention,
there is provided a sensing method for virtual golf simulation,
including sequentially acquiring images of a predetermined
capturing range within which hitting is performed, receiving
and storing the sequentially acquired images, processing the
stored images to sense whether hitting preparation has been
completed, sensing whether hitting has been performed by a
user upon sensing that the hitting preparation has been com-
pleted, and processing an image of a golf ball hit by the user,
upon sensing that the hitting has been performed, to extract
information on physical properties of the moving golf ball.

In accordance with a further aspect of the present inven-
tion, there is provided a sensing method for virtual golf simu-
lation, including storing a ball template preset as a reference
image of a ball, sequentially acquiring images of a predeter-
mined capturing range within which hitting is performed,
extracting a ball candidate from the acquired images and
comparing the ball candidate with the ball template to find
and recognize a ball, determining whether the recognized ball
satisfies a predetermined condition to sense whether hitting
preparation has been completed, setting a region of a prede-
termined size around coordinates of the acquired images at
which the ball is located as a region of interest, upon deter-
mining that the hitting preparation has been completed, and
comparing the image present in the region of interest with a
half template preset as substantially half of the ball template
to determine whether the ball is present in the region of
interest, thereby sensing whether hitting has been performed,
and processing an image of a golf ball hit by a user, upon
sensing that the hitting has been performed, to extract infor-
mation on physical properties of the moving golf ball.

Advantageous Effects

The virtual golf simulation apparatus and a sensing device
and method used for the same according to the present inven-
tion has effects that any position of a hitting mat, on which a
user places a ball, is recognized to easily and accurately find
the position of the ball even when a slope is realized with
respect to a swing plate and the swing plate is sloped at a
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predetermined angle, and it is possible to accurately sense
when hitting has been performed by the user using a relatively
inexpensive sensing device without an additional trigger sen-
sor, thereby reducing costs and improving sensing accuracy
and reliability.

DESCRIPTION OF DRAWINGS

FIG. 1 is a view showing an example of a screen golf
system to which a virtual golf simulation apparatus according
to an embodiment of the present invention is applied;

FIG. 2 is a block diagram showing the construction of a
virtual golf simulation apparatus according to an embodiment
of the present invention;

FIG. 3 is a view schematically showing more detailed
constructions of a sensing device shown in FIG. 2 and func-
tions of components constituting the sensing device;

FIG. 4(a) is a view showing a state in which a hitting region
is set in a source image, and FIG. 4(b) is a view illustrating a
principle of hitting region setting performed by a hitting
region setting means;

FIG. 5(a) is a view showing a hitting region separated from
FIG. 4(a), F1IG. 5(5) is a view showing that an image shown in
FIG. 5(a) has been preprocessed, and FIGS. 5(¢) and 5(d) are
views respectively showing a ball template and a half tem-
plate;

FIG. 6 is a flow chart showing a ball search process per-
formed by a ball sensing means;

FIG. 7 is a flow chart showing a hitting readiness sensing
process performed by a ball ready means;

FIG. 8(a) is a view showing a region of interest for hitting
sensing, and FIG. 8(b) is a view showing a state in which a
ball is not present in the region of interest shown in FIG. 8(a);
and

FIG. 9 is a flow chart showing a hitting sensing process
performed by a hitting sensing means.

BEST MODE

Now, exemplary embodiments of a virtual golf simulation
apparatus according to the present invention and a sensing
device and method used for the same will be described in
detail with reference to the accompanying drawings.

First, a virtual golf simulation apparatus according to an
embodiment of the present invention and a sensing device
used in the same will be described with reference to FIGS. 1
and 2.

FIG. 1 is a view showing an example of a screen golf
system to which a virtual golf simulation apparatus according
to an embodiment of the present invention is applied, and
FIG. 2 is a block diagram showing the construction of a
virtual golf simulation apparatus applied to the screen golf
system shown in FIG. 1.

As shown in FIGS. 1 and 2, the virtual golf simulation
apparatus according to the embodiment of the present inven-
tionincludes a sensing device S for sensing a golf' ball B hit by
auser and a simulator 1 forrealizing an image of a virtual golf
course and providing a simulation image of the trajectory of
the golf ball B on the virtual golf course based on the result
sensed by the sensing device S so that virtual golf simulation
can be performed.

As shown in FIG. 1, the screen golf system, to which the
virtual golf simulation apparatus according to the embodi-
ment of the present invention is applied, may be configured to
have a structure in which a hitting box 110, on which a user
hits a golf ball B, is provided on the floor of a golf booth 2
providing a space of a predetermined size, a hitting mat 120,
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on which a golf'ball B is placed so that the user can hit the golf
ball B on the hitting box 110, is provided at one side of the
hitting box 110, and a screen 3, on which an image of virtual
golfsimulation output from an image output device (an image
output part 30 shown in FIG. 2, such as a beam projector), to
which image information is transmitted from the simulator 1,
is projected, is provided at the front of the golf booth 2.

The hitting box 110 and the hitting mat 120 are provided on
aswing plate 100 as shown in FIG. 1. Alternatively, the hitting
box 110 and the hitting mat 120 may be provided on the floor
of the golf booth 2.

The swing plate 100 may be provided so that the swing
plate 100 can be sloped at a predetermined angle in the front-
ward and rearward direction and in the left and right direction.
Also, the swing plate 100 may be connected to the simulator
1 so that the swing plate 100 can be sloped in correspondence
to the topography of a virtual golf course which is presently
being realized.

The hitting mat 120 may be formed of artificial turf. As
shown in FIG. 1, the hitting mat 120 may be divided into a
fairway zone 121, a rough zone 122 and a bunker zone 123
respectively corresponding to a fairway, a rough and a bunker
of a real golf course. Preferably, the fairway zone 121, the
rough zone 122 and the bunker zone 123 are configured, so
that the fairway zone 121, the rough zone 122 and the bunker
zone 123 have different lengths of artificial turf or so that the
fairway zone 121, the rough zone 122 and the bunker zone
123 are formed of different materials, in a manner similar to
the real golf course. FIG. 1 shows that the hitting mat 120
includes the fairway zone 121, the rough zone 122 and the
bunker zone 123; however, the present invention is not limited
thereto. For example, the hitting mat 120 may include only
the fairway zone 121 or may include the rough zone 122 or the
bunker zone 123 together with the fairway zone 121. In FIG.
1, reference numeral 124 indicates a tee.

Meanwhile, the sensing device S is provided in the golf
booth 2 to sense a golf ball B hit by a user.

As shown in FIG. 1, the sensing device S used in the virtual
golfsimulation apparatus according to the embodiment of the
present invention includes a camera unit 50 and a sensing
processing unit 60.

The camera unit 50 may be constituted by a single captur-
ing means for image sensing or two or more capturing means.
In order to acquire an image of a moving golf ball B and
extract coordinates of the golf ball in a three-dimensional
space, it is preferable to configure a stereo type camera unit
using two or more capturing means 51 and 52 as shown in
FIG. 1.

Meanwhile, as shown in FIG. 2, the sensing device S may
include a camera unit 50 including a plurality of capturing
means 51 and 52, and a sensing processing unit 60 for pro-
cessing an image acquired by the camera unit 50 to extract
physical properties of the moving golf ball. The physical
properties of the moving golf ball may include velocity of the
golf ball, a moving direction of the golf ball (a moving angle
of'the golf ball in the horizontal direction), an altitude angle of
the golf ball (a moving angle of the golf ball in the vertical
direction), and spin of the golf ball.

The sensing processing unit 60 may include a grabber 70
for sequentially collecting source images acquired by the
camera unit 50 on a per frame basis, a shot detector 80 for
receiving and processing the frame images collected by the
grabber 70 to sense whether hitting preparation has been
completed and whether hitting has been performed, and an
image processing means 90 for receiving and processing an
image of the golf ball hit by the user, when the shot detector
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80 senses that the golf ball has been hit by the user, to extract
information on physical properties of the moving golf ball.

Meanwhile, the simulator 1 constituting the virtual golf
simulation apparatus according to the embodiment of the
present invention preferably includes a controller M, a data-
base 10, a data processing part 20 and an image output part 30.

The database 10 stores all data necessary for virtual golf
simulation. For example, the database 10 stores data neces-
sary to drive the system, data necessary to realize an image of
a virtual golf course, and data necessary to realize a simula-
tion image of the trajectory of a golf ball.

The data processing part 20 is a part which performs pre-
determined image processing to realize an image of a virtual
golf course or a simulation image of the trajectory of a golf
ball on the virtual golf course.

The image output part 30 outputs image information
received from the data processing part 20 to a screen so that a
user can view the image.

The controller M receives information based on the result
sensed by the sensing device S to control operations of all
components, such as the database 10, the data processing part
20 and the image output part 30, of the simulator 1. That is, the
controller M, the database 10 and the data processing part 20
function as an image realization means for realizing a simu-
lation image of the trajectory of a golf ball based on the result
sensed by the sensing device S.

Hereinafter, more detailed constructions of the sensing
device S shown in FIG. 2 and functions of the respective
components constituting the sensing device will be described
with reference to FIG. 3.

As shown in FIG. 3, transmission of information in the
sensing device according to the present invention is carried
out in the order of the camera unit 50—the grabber 70—the
shot detector 80—the image processing means 90—the simu-
lator 1.

The camera unit 50 captures a predetermined range includ-
ing a portion at which the hitting box and the hitting mat are
provided to acquire hundreds of frame images per second.

The acquired frame images are transmitted to the grabber
70. The grabber 70 stores the images received from the cam-
era unit 50 and, at the same time, transmits the images to the
shot detector 80 so that image processing is carried out.

Preferably, the shot detector 80 includes a ball sensing
means 81 for sensing a ball from the image received from the
grabber 70, i.e. finding a ball in the image, a ball ready means
82 for sensing whether the ball sensed by the ball sensing
means 81 satisfies a predetermined condition to determine
whether hitting preparation has been completed, a hitting
sensing means 83 for sensing whether the ball is moved from
aposition at which the hitting preparation has been completed
to determine whether hitting has been performed by a user,
and a buffering means 84 for storing a plurality of frame
images of the golf'ball hit by the user, upon the hitting sensing
means 83 sensing that the hitting has been performed, and
transmitting the stored frame images to the image processing
means.

Preferably, the ball sensing means 81 includes a hitting
region setting means 8la for setting a hitting region of a
predetermined size, at which hitting is performed, from the
image received from the grabber 70 and a ball recognition
means 815 for extracting a ball candidate from the set hitting
region and finding a ball from the ball candidate.

Preferably, a region of the swing plate corresponding to the
hitting mat is set as the hitting region, which will be described
with reference to FIG. 4.

40
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The ball recognition means 815 finds a ball based on a ball
template or a half template, which has been preset and stored,
which will be described with reference to FIG. 5.

Meanwhile, the hitting sensing means 83 preferably
includes a region of interest setting means 83a for setting a
region of a predetermined size around position coordinates at
which the ball is in a ready state by the ball ready means 82 as
a region of interest and a region of interest checking means
8354 for determining whether the sensed ball is present in the
region of interest to determine whether the ball has been hit.
Hitting sensing will be described below in detail.

The shot detector 80 processes the image received from the
grabber 70 to sense whether hitting preparation has been
completed and, upon sensing that the hitting preparation has
been completed, senses whether the user has hit the golf ball
placed on the hitting mat using a golf club.

Upon sensing that the user has hit the golf ball, the shot
detector 80 stores an image when the golfball has been hitand
aplurality of frame images therebefore and thereafter through
the buffering means 84. These images are transmitted to the
image processing means 90 in real time so that the images can
be processed by the image processing means 90.

The image processing means 90 processes the images
received when the shot detector 80 senses the golf'ball hit by
the user to extract physical properties of the moving golf ball
and transmits the extracted physical properties of the golf ball
to the simulator 1.

Hereinafter, a process of the shot detector of the sensing
device according to the embodiment of the present invention
finding a ball from the image received from the grabber will
be described with reference to FIGS. 4 to 6.

FIG. 4(a) is a view showing one of several frame source
images transmitted from the grabber 70 (see FIG. 3) to the
shot detector 80 (see FIG. 3).

The ball sensing means 81 (see FIG. 3) of the shot detector
80 sets a hitting region in a source image through the hitting
region setting means 81a (see FIG. 3), separates the hitting
region from the source image, and finds a ball from the hitting
region through the ball recognition means 815 (see FIG. 3).

First, a hitting region 220 is set in a source image 200
through the hitting region setting means 81a. As shown in
FIG. 4(a), a region corresponding to a portion or the entirety
of the hitting mat 120 may be set as the hitting region 220.
That is, a predetermined region around a position of the
hitting mat 120 at which a ball is placed may be set as the
hitting region 220.

Inthe source image 200 shown in FIG. 4(a), a ball is placed
on the fairway zone 121 of'the hitting mat 120, and the hitting
region setting means 81a sets a region corresponding to the
fairway zone 121 as the hitting region 220. Ifthe ball is placed
on the rough zone 122, a region corresponding to the rough
zone 122 may be set as the hitting region. On the other hand,
if the ball is placed in the bunker zone 123, a region corre-
sponding to the bunker zone 123 may be set as the hitting
region.

Ifthe hitting mat 120 is not fixed on the floor but is provided
on the swing plate 100 so that the position of the hitting mat
120 can be changed as the swing plate 100 is sloped at a
predetermined angle in correspondence to the topography of
avirtual golf course, the hitting region setting means 81a can
set the hitting region 220 in the source image 200 with high
accuracy in consideration of the above matters.

That is, the hitting region setting means presets reference
points P0 to P8 on the hitting mat 120 shown in FIG. 4(5) and
stores coordinates of the respective reference points P0 to P8.

If the swing plate 100 is sloped at a predetermined angle,
the coordinates of the respective reference points P0 to P8 are
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changed. The hitting region setting means receives informa-
tion on an angle at which the swing plate 100 is sloped and
calculates changed coordinates of the respective reference
points PO to P8 from the received information.

That is, changed coordinates of the reference points P0 to
P8 based on predetermined unit angle change of the swing
plate 100 are stored in a database. If the slope of the swing
plate is changed, the hitting region setting means refers to the
database to retrieve the coordinates of the reference points P0
to P8 and accurately sets the hitting region based on the
retrieved coordinates of the reference points PO to P8.

Meanwhile, if the hitting region 220 is set as shown in FIG.
4(a), the hitting region 220 is separated as shown in FIG. 5(a),
and a process of finding a ball from the separated hitting
region 220 is carried out. Consequently, it is possible to more
rapidly and accurately find the ball than when finding the ball
from the entirety of the source image.

An image of the hitting region 220 shown in FIG. 5(a)
includes various kinds of noise. A preprocessing process,
such as Gaussian blur, is carried out to remove the noise. As
aresult, an image of the hitting region 220 shown in FIG. 5(6)
is obtained.

Subsequently, ball candidates are found from the image
shown in FIG. 5(b). The ball candidates may be found based
on geometrical properties of the ball. An object having a
shape similar to the ball is found from the preprocessed image
excluding quadrangular objects or other objects which cannot
be considered as a ball, and is selected as a ball candidate.
That is, an object having a shape similar to the ball as shown
in FIG. 5(b) is selected as a ball candidate 230. A single ball
candidate 230 may be selected. Alternatively, a plurality of
ball candidates 230 may be selected in a case in which much
noise is included in the image.

The extracted ball candidate 230 is compared with a ball
template 241 or a half template 242 to calculate a degree of
similarity therebetween.

The ball template 241 is preset and stored as a reference
image of a ball as shown in FIG. 5(¢). The half template 242
is preset and stored as a reference image of a portion of a ball
as shown in FIG. 5(d). Preferably, the halftemplate 242 is set
as approximately half of the ball template 241.

Consequently, the ball candidate 230 is compared with the
ball template 241 or the half template 242 to calculate a
degree of similarity therebetween in terms of shapes, pixel
values and number of pixels as numerical values.

When the degree of similarity is equal to or greater than a
predetermined reference value, the ball candidate may be
recognized as a ball.

In a process of recognizing a ball to sense whether hitting
preparation has been completed, the ball candidate is prefer-
ably compared with the ball template 241 to extract a degree
of similarity therebetween.

Of course, the half template 242 may be used to extract a
degree of similarity between the ball candidate and the half
template 242, thereby recognizing a ball. Since the head of a
golf club does not hide a portion of the ball or it is not difficult
to completely acquire an image of the ball, however, finding
a ball using the ball template 241 is more preferable than
finding a ball using the half template 242.

Hereinafter, a process of finding a ball through the ball
sensing means and a process of sensing whether hitting
preparation has been completed after the ball is found will be
described with reference to FIGS. 6 and 7.

Upon receiving an image from the grabber (S10), as shown
in FIG. 6, it is determined whether the slope of the swing plate
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has been changed from a reference position (S11: in this case,
it is preferable to determine what angle value the swing plate
has).

Upon determining that the slope of the swing plate has not
been changed, a hitting region is set in an image, and the
hitting region is separated from the image (S13). Upon deter-
mining that the slope of the swing plate has been changed, on
the other hand, a coordinate value of a reference point
changed based on the changed angle of the swing plate is
extracted (S12), and coordinates of a hitting region to be set
are calculated to set a hitting region in an image and to
separate the hitting region from the image (S13).

The image of the separated hitting region is preprocessed
(S14) to extract a ball candidate (S15).

Subsequently, the extracted ball candidate is compared
with the ball template to extract a degree of similarity ther-
ebetween as previously described (S16). If the degree of
similarity is equal to or greater than a reference value, the ball
candidate is recognized as a ball (S17), and ball finding is
completed.

Meanwhile, if ball finding is completed as shown in FIG. 7
(S20), the ball ready means 82 (see FIG. 3) may sense where
the ball is placed on the image and may determine whether the
ballis in a stationary state for a predetermined set time (S21).

Upon sensing that the ball is moved within the predeter-
mined set time, the ball finding process shown in FIG. 6 is
resumed. Upon sensing that the ball is not moved but is in a
stationary state for the predetermined set time, on the other
hand, the ball enters into a ball ready state (S22).

In the ball ready state, the ball ready means continues to
inspect the image to determine whether any change has been
made with respect to the ball. That is, ball hiding may occur
in which the ball is not moved but a user hides the ball using
a golf club or a portion of the body of the user. The ball ready
means senses whether ball hiding has occurred (S23). Upon
sensing that the ball hiding has not occurred, position coor-
dinates of the ball in the ball ready state are stored (S25), and
hitting preparation is completed.

Upon sensing that the ball hiding has occurred, on the other
hand, it is determined whether the present ball position is
identical to the last ball ready position (that is, it is determined
whether the coordinates of the present ball are equal to those
of'theball in the last ball ready state) (S24). Upon determining
that the present ball position is equal to the last ball ready
position, position coordinates of the ball in the present ball
ready state are stored (S25), and hitting preparation is com-
pleted. Upon determining that the present ball position is not
equal to the last ball ready position, on the other hand, the ball
finding process shown in FIG. 6 is resumed.

Upon completing ball sensing through the ball sensing
means and hitting preparation through the ball ready means as
described above, hitting sensing is performed by the hitting
sensing means 83 (see FIG. 3) as shown in FIGS. 8 and 9.

First, matters shown in FIG. 8 will be described while
explaining a hitting sensing process shown in FIG. 9.

When hitting preparation has been completed as described
above (830), the region of interest setting means 83a of the
hitting sensing means 83 (see FIG. 3) sets a region of interest
around the stored position coordinates of the ball (S31).

That is, a region of interest R of a predetermined size
around the ball is set in the image of the hitting region 220 as
shown in FIG. 8(a). The region of interest R is preferably set
to have a small size sufficient to include a ball. Whether a user
has hit a ball can be easily determined by sensing whether or
not the ball is placed in the region of interest R.
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Consequently, it is possible to sense that hitting has been
performed by sensing that the ball is not placed in the region
of'interest R from a state shown in FIG. 8(a) to a state shown
in FIG. 8(b).

That is, the region of interest checking means 835 (see FI1G.
3) compares the image in the region of interest R with the half
template 242 (see FIG. 5(d)) to extract a degree of similarity
therebetween, thereby determining whether or not the ball is
placed in the region of interest R (S32).

The image in the region of interest R may be compared
with the ball template 241 or the half template 242. Calculat-
ing a degree of similarity using the half template 242 may be
more accurate than calculating a degree of similarity using the
ball template 241. When a user hits a ball, the head of a golf
club comes into contact with the ball with the result that the
ball and the club head slightly overlap each other in an image.
Ifthe ball template 241 is used in this state, therefore, a degree
of similarity may not be accurately calculated. In this case, it
is possible to accurately calculate a degree of similarity using
the half template 242.

An object present in the region of interest R of the image
shown in FIG. 8(b) is completely different from the half
template, and therefore, a degree of similarity therebetween is
very low. That is, if the degree of similarity extracted at step
S32 is less than the reference value (S33), the object present
in the region of interest R cannot be recognized as a ball, and
therefore, it may be determined that no ball is present in the
region of interest R, which means that hitting has been per-
formed (S34).

Upon sensing that hitting has been performed as described
above, the hitting sensing means investigates a plurality of
frame images received before the hitting has been performed
to confirm when the ball started to move (S35), and the image
frame when the ball started to move is designated as a trigger
frame (S36).

Subsequently, a plurality of frame images before the trig-
ger frame is stored (S37) and transmitted to the image pro-
cessing means 90 (see FIG. 3) so that frame processing can be
carried out by the image processing means 90 to extract
physical properties of the moving ball (here, analysis of
images before the trigger frame is performed to analyze
mainly the moving trajectory of the golf club head, thereby
analogizing spin of the ball).

The buffering means 84 (see FIG. 3) of the shot detector 80
(see FIG. 3) sequentially receives and stores the image of the
trigger frame and a plurality of frame images after the trigger
frame and, at the same time, transmits the images to the image
processing means 90 (see FIG. 3) in real time so that frame
processing can be carried out by the image processing means
90 to extract physical properties of the moving ball (here,
analysis of the image of the trigger frame and the frame
images after the trigger frame is performed to analyze veloc-
ity, direction and altitude angle of the ball).

MODE FOR INVENTION

Various embodiments of the present invention have been
described in the best mode.

INDUSTRIAL APPLICABILITY

The virtual golf simulation apparatus and method and a
sensing device and method used for the same according to the
present invention can be used in industries related to a golf
game or so-called Screen Golf for a user to be able to play a
virtual golf round by golf'simulation based on a virtual reality.
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The invention claimed is:
1. A sensing device of a virtual golf simulation apparatus,
comprising:
at least one camera sequentially acquiring images of a
predetermined capturing range within which hitting is
performed; and
a sensing processor including:
a grabber collecting and storing the images via the at least
one camera,
a shot detector processing the images received from the
grabber to sense whether hitting preparation has been
completed and whether hitting has been performed by a
user, the shot detector,
setting a hitting region of a predetermined size, at which
hitting is performed by the user, from the images
received via the grabber and being configured to rec-
ognize a ball by extracting at least one ball candidate
from the set hitting region and finding the ball from
the at least one ball candidate,

wherein a half template is preset and stored in the shot
detector as a reference image of a portion of the ball,
and

comparing a portion of the ball candidate with the half
template and calculating a degree of similarity
between the portion of the ball candidate and the half
template to recognize the ball candidate as the ball
when the calculated degree of similarity is equal to or
greater than a predetermined reference value; and

an image processor processing a ball-hit image by the user,
when the shot detector senses that the hitting has been
performed, to extract information on physical properties
of a moving ball.

2. The sensing device according to claim 1, wherein the
shot detector is configured to determine whether the recog-
nized ball is in a stationary state for a predetermined set of
time and when the recognized ball is in the stationary state for
the predetermined set of time the recognized ball enters into
a ball ready state.

3. The sensing device according to claim 2, wherein the
shot detector,

senses a ball hiding occurred in the ball ready state and is
configured to determine whether a present ball position
is identical to a last ball ready position if the ball hiding
occurs,

stores position coordinates of the ball in the present ball
ready state and is configured to determine the hitting
preparation to be completed if the present ball position is
equal to the last ball ready position, and

resumes to recognize the ball by extracting the at least one
ball candidate and finding the ball from the at least one
ball candidate if the present ball position is not equal to
the last ball ready position.

4. The sensing device according to claim 1, wherein the
shot detector detects a movement of the recognized ball to
determine whether hitting has been performed by the user.

5. The sensing device according to claim 1, wherein the
shot detector stores a plurality of frame images of the ball hit
by the user and transmits the stored frame images to the image
processor upon sensing that the hitting has been performed by
the user.

6. The sensing device according to claim 1, wherein the
shot detector sets

a region of the predetermined size around the recognized
ball as a region of interest, and

is configured to determine whether the recognized ball is
present in the region of interest to determine whether the
ball has been hit.
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7. The sensing device according to claim 1, wherein the
shot detector,

sets a region of the predetermined size around the recog-

nized ball as a region of interest,

compares the image present in the region of interest with

the half template, and

calculates a degree of similarity between the image present

in the region of interest and the half template to deter-
mine that hitting has been performed when the degree of
similarity is less than a predetermined reference value.

8. A sensing method of a sensing device including at least
one camera and a sensing processor for a virtual golf simu-
lation, comprising:

by the atleast one camera, sequentially acquiring images of

a predetermined capturing range within which hitting is
performed;

by the sensing processor,

receiving and storing the sequentially acquired images
from the at least one camera;

processing the stored images and sensing whether hit-
ting preparation has been completed;

extracting a ball position from the stored images and
setting a region of a predetermined size around the
extracted ball position as a region of interest;

comparing a portion of an image present in the region of
interest with a half template preset and stored as a
reference image of a portion of a ball;

calculating a degree of similarity between the portion of
the image present in the region of interest and the half
template;

determining whether the calculated degree of similarity
is less than a predetermined reference value;

determining that hitting has been performed upon deter-
mining that the degree of similarity is less than the
predetermined reference value; and

processing a ball-hit image by the user upon sensing that
the hitting has been performed, and extracting infor-
mation on physical properties of a moving ball.

9. The sensing method according to claim 8, wherein the
step of sensing whether hitting preparation has been com-
pleted comprises:

setting a hitting region of a predetermined size, at which

hitting is performed by the user, from the received
images;

finding a ball image from the set hitting region and recog-

nizing the ball image as the ball; and

sensing whether the recognized ball satisfies a predeter-

mined condition to determine whether hitting prepara-
tion has been completed.

10. The sensing method according to claim 9, wherein the
step of recognizing the ball image as the ball comprises:

extracting a ball candidate from the set hitting region based

on geometrical properties of the ball; and
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comparing the ball candidate with a ball template preset
and stored as a reference image of the ball to calculate a
degree of similarity therebetween; and

recognizing the ball candidate as the ball when the ball

candidate has a degree of similarity equal to or greater
than a predetermined reference value.

11. The sensing method according to claim 8, wherein the
step of extracting information on physical properties of the
moving ball comprises:

investigating a plurality of previous frame images, when

the ball is not present in the region of interest, to deter-
mine when the ball started to move;

designating an image frame when the ball started to be

moved as a trigger frame; and

storing and processing the trigger frame, a plurality of

frame images therebefore and a plurality of frame
images thereafter.

12. A sensing method of a sensing device including at least
one camera and a sensing processor for a virtual golf simu-
lation, comprising:

storing, by the sensing processor, a ball template preset as

a reference image of a ball and a half template preset as
substantially half of the ball template; and

sequentially acquiring, by the at least one camera, images

of a predetermined capturing range within which hitting
is performed,

wherein the sensing processor comprises the steps of:

extracting a ball candidate from the acquired images and

comparing the ball candidate with the ball template to
find and recognize the ball;

calculating a degree of similarity between the ball candi-

date and the ball template;

recognizing the ball candidate as the ball when the calcu-

lated degree of similarity equal to or greater than a
predetermined reference value;

extracting a position of the recognized ball and setting a

region of a predetermined size around the extracted posi-
tion of the recognized ball;

comparing a portion of an image present in the region of

interest with the half template;

calculating a degree of similarity between the portion of the

image present in the region of interest and the half tem-
plate;

determining whether the calculated degree of similarity is

less than a predetermined reference value;

determining that hitting has been performed upon deter-

mining that the degree of similarity is less than the
predetermined reference value; and

processing an image of a ball hit by a user, upon sensing

that the hitting has been performed, to extract informa-
tion on physical properties of the moving ball.
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